T HE concept of a dura-based nidus as the most common spinal arteriovenous malformation (AVM) has found increasing favor in recent years, m, 14.16,18.22 Although in 1914 Elsberg 9 performed the first successful operation for what was possibly a dura-based spinal AVM (by ligating and excising a "vein" traversing the dura adjacent to a T-8 nerve root), it was not until the development of selective spinal angiography in the 1960's 3 that the precise radiological anatomical assessment and subsequent classification of spinal AVM's was possible. However, there remained some confusion as to the site of the arteriovenous fistula in cases of dorsal extramedullary lesions, which had been variously termed the "long dorsal" AVM,"12'13 the "single coiled vessel" malformation, 'j "type I" spinal AVM, 17 and "angioma racemosum venosum. ' '24 More recently, it has been suggested that a great proportion of such lesions are truly dural or extradural AVM's with draining veins containing arterialized blood communicating with the coronal venous plexus. 14, 16, 22 The development of therapeutic modalities for spinal dural AVM's has evolved with the understanding of the anatomical pathology. Recent recognition of the frequency with which spinal dural AVM's occur suggests that in the past the location of the arterial, venous, and nidus component may have been misinterpreted in many cases of dorsal extramedullary spinal AVM. Thus, attempted arterial feeder ligation (as suggested by Ommaya, et al. 17) may have involved the draining vein; resection of the AVM (as suggested by Krayenbiihl, et al., 1~ and Shephard 21) may in fact have been resection of the coronal venous plexus receiving the draining veins from the AVM. As the predominant pathophysiological basis for the clinical disability would seem to be the high pressure within the coronal venous plexus, l'23 it is understandable how such surgical approaches could be successful by disconnecting the arteriovenous shunt from the coronal venous plexusfl 2 However, the surgical philosophy most favored for AVM cure is obliteration of the nidus. 7 Now that the location of the shunt is identifiable in the majority of these dorsal extramedullary AVM's, surgical extirpation is currently aimed at the shunt within the dura. I6"18"22"25 Results of surgical treatment of preoperatively identified spinal dural AVM's have been remarkable for their low morbidity and high rate of clinical improvement when such approaches are used. 22 The advent of selective spinal angiography in pa- rallel with the development of the surgical approach to spinal dural AVM's has allowed the successful use of endovascular techniques aimed at obliterating the shunt. 5~6' 8 ' 15,19 As with the direct surgical approach, the results of embolization would seem to have a low morbidity and a high success rate in reversing neurological deficits. ~9 It is the purpose of this paper to examine the experience at the Mayo Clinic with treatment of spinal dural AVM's by embolization and surgery in an attempt to establish guidelines for the management of this condition.
Summary of Cases

Case Material
A retrospective study was made of all cases of spinal AVM's seen between January, 1984, and July, 1987, at the Mayo Clinic. Patients with dura-based lesions diagnosed by spinal angiography who underwent subsequent treatment at this institution were selected for further analysis. During this period, 23 spinal AVM's were diagnosed by angiography, of which 17 were classified as dura-based lesions. Symptoms and signs were analyzed in detail and, for the purpose of comparison, gait and urinary functional capacity were graded according to the classification system of Aminoff and colleagues2.12 (Table 1) .
Where embolization was used, it was by selective catheterization of feeding arteries via the transfemoral route followed by a digital angiographic series to demonstrate the AVM. The embolization material was then prepared, consisting of either a synergistic mixture involving polyvinyl alcohol or microfibrillary collagen. A fluoroscopic study was performed during embolization and an anteroposterior film series with subtraction was carried out at the conclusion of the procedure to confirm obliteration. These series included selective angiography of adjacent potential feeding arteries.
In the surgically treated lesions, a full laminectomy and facetectomy was performed at the level of the arterialized venous entry into the subarachnoid space, followed by coagulation, clipping, and division of this vein. If feasible, the arteriovenous nidus in the du_ra was identified and obliterated either by extensive bipolar coagulation by straddling the dura with the bipolar forceps or by excision. Total extirpation was confirmed by direct observation of the cessation of arterial flow and postoperative angiography in four of the cases. The surgical procedures did not involve extensive resection of the coronal venous plexus.
The 17 patients with spinal dural AVM in this series were diagnosed and treated between January, 1984, and July, 1987 (Table 2 ). There were 12 men and five women with an average age at diagnosis of 60 years (all patients were over the age of 50 years). The presentation in all of the patients was a slowly progressive paraparesis (often with evidence of both an upper and lower motor neuron involvement), paresthesia (either in the saddle distribution, lower extremities, or both), and a disturbance of micturition and pain in the low back, buttock, or a lower extremity --a clinical picture suggested as being characteristic for this lesion. 2~
In addition, five of these patients related exacerbation of symptoms to certain postures or to exercise. In one case, the patient suddenly became symptomatic after a coronary angiogram for investigation of a recent myocardial infarction. Initially, he was paraplegic but made a good recovery over several weeks to the point of ambulation with the aid of one cane; however, over the ensuing 3 years he became progressively worse requiring a wheelchair for mobility. The average duration of symptoms prior to diagnosis in the 17 patients was 24 months. The majority of these patients were functionally severely disabled (Table 3) . Selective angiography demonstrated the arteries feeding the dural nidus to arise between the intercostal artery at T-4 rostrally to the medial sacral branch of the internal iliac artery caudally. In seven cases, two arterial feeders were identified (one of which was bilateral); the remaining cases had only one feeder identified on their original angiogram.
Management Results
Of the patients treated at the Mayo Clinic, 14 underwent a combined total of 18 embolization procedures (Table 2) . Embolization was performed in each patient, at least on one occasion, with polyvinyl alcohol. Microfibrillary collagen was used as the primary embolic agent only after a previously unsuccessful procedure with polyvinyl alcohol. During three procedures, microfibrillary collagen was used in conjunction with polyvinyl alcohol. In all but two of the 18 embolization procedures "obliteration" was confirmed by angiography at the time of the procedure. Of the two patients in whom a persistent arteriovenous fistula was identified immediately after the embolization procedure, one went on to have a second embolization procedure and then subsequent surgery, while the other patient underwent surgery as a second procedure.
In the early clinical course, symptoms improved following 15 embolization procedures, were unchanged after two, and were worse after one. In the one patient whose symptoms were worse after embolization, gait deteriorated from Grade G3 to Grade G4. The presumed mechanism for this complication was cord ischemia. In two patients in whom symptoms failed to improve, interval follow-up angiography demonstrated the continued presence of the AVM. After the 15 procedures that resulted in improvement, noted by the patient, the functional grade of gait ameliorated after six procedures and in two patients gait improved from Grade G4 to Grade G1. However, improvement in functional grade of micturition was not noted after any embolization procedure.
Delayed angiography was performed following 15 of the 18 procedures. Thirteen of these angiograms were carried out after a previously "successful" embolic obliteration. Repeat angiography in the majority of these cases was prompted by recurrent symptoms suggestive of spinal AVM, and in all but two cases recurrence of the spinal dural AVM was demonstrated (Table 4) . On three occasions the repeat angiogram demonstrated filling from a previously unidentified source (namely, adjacent radicular arteries).
Although an angiographic cure was not achieved after at least 11 of the 18 embolization procedures, the goal in management of this condition is an improved clinical result. While an early clinical improvement followed 15 embolization procedures, this was not sustained in 10. In fact, of the 14 patients initially managed by embolization, only five have had sustained clinical improvement following this procedure. The time interval between embolization and a further procedure in the five patients requiring multiple procedures was between 1 and 9 months and averaged 5 months (Fig. 1) .
Eight patients underwent surgical obliteration of the AVM, five of these after at least one embolization procedure. No patient's condition deteriorated following surgery. All seven patients operated on at the Mayo Clinic derived early symptomatic improvement. These patients have been followed for at least 6 months and all have enjoyed improvement in their grade of gait impairment; the three patients with preoperative impairment of micturition of a grade greater than M I noted improvement in grade.
Discussion
The clinical presentation of spinal dural AVM in this series is similar to that seen by Symon, et al.,22 in their patients. The pathophysiological mechanism for symptoms is likely to be related to the high pressure within the coronal venous plexus of the thoracolumbar region caused by the direct shunting of arterialized blood. The basis for this phenomenon has been discussed in depth previouslyY '25 The management of spinal dural AVM's remains controversial. Symon, eta/., 22 presented an impressive series of 50 surgically managed patients over a 30-year period; the aim of their surgery came to be disconnection of the arterialized vein from the coronal venous plexus and, where possible, obliteration of the AVM. The seven patients who were made worse with surgery all underwent resection of their coronal venous plexus, a technique that is no longer recommended in cases of spinal dural AVM because it has the potential to disrupt the venous drainage of the cord. Symon, et aL, achieved a 70% improvement in gait, which was maintained during a follow-up period of at least 2 years in 35 of their patients. Their conclusion was that simple surgical "disconnection of the nidus of the shunt from the coronal venous plexus is effective in most cases, apparently permanently, and is substantially without risk." While the follow-up interval of the patients operated on at the Mayo Clinic with this surgical approach is short, the early results clearly support the premise that surgery can be safe and effective. All seven patients operated on at the Mayo Clinic derived symptomatic improvement and all four with follow-up periods of at least 6 months have shown substantial improvement in grade of their gait dysfunction. As yet, no patient has been made worse by this surgical procedure.
On the other hand, proponents for embolization have argued that this technique should be the procedure of choice, 4'2~ and many cases have been reported treated with selective embolotherapy without significant morbidity and with apparent early success. 4'5'8"j5"2~ It has been our experience at the Mayo Clinic that embolization achieves early clinical improvement with apparent obliteration of the shunt. However, for the majority of patients both the angiographic and clinical success is not sustained. As the average time interval for early failure was only 5 months, we consider that at present the role for embolization with polyvinyl alcohol and/or microfibrillar collagen as primary treatment for spinal dural AVM's should be limited. Perhaps newer embolization materials will allow more effective treatment by this technique in the future. 19 
